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Range Extension Within a Communication System 



Field of the Invention 



5 



The present invention relates generally to communication systems and, in 
particular, to extending the range of a base site in a cellular communication 



In current Code Division, Multiple Access (CDMA) communication 
systems, receivers (channel elements) restrict a search and demodulation window 

15 to 512 chips. More particularly, a remote unit accessing a CDMA communication 
system can have a round-trip delay of no more than 416 micro seconds (512 
chips), or equivalently, a maximum distance of 62 kilometers (km) from the base 
station. Remote units with a larger delay than 512 chips will not be within a base 
station's search window, and will not be acquired by the base station. 

20 Although the above restriction on round-trip delay is adequate for most 

urban areas, there exists locations where a maximum cell size of greater than 62 
km is desired. For example, along coastal areas, or within very sparsely populated 
locations, it may be economically unfeasible to have small cell sizes. Therefcu a 
need exists for a base station that has an extended cell size. Additionally, it w cr :H 

25 be beneficial if existing CDMA equipmem ;;u be inexpensively modifir 
provide such coverage. 



system. 
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FIG. 2 is a block diagram of the ba. 
the preferred embodiment of the present in 



vm system in accordant 
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FIG. 3 is a flow chart showing operation of the base station of FIG. 1 in 
accordance with the preferred embodiment of the present invention. 

5 Detailed Description of the Drawings 

To address the need for a base station having an extended cell size, a 
method and apparatus for extending the cell size of a base station is provided. 
Receivers within a base station receive a transmission from a remote unit. The 

10 received signal is delayed a first amount by first delay circuitry, and a second 
amount by second delay circuitry. During despreading, a delayed input signal is 
despread with a Pseudo-Random (PN) code. The system time utilized by the PN 
generators is delayed a third time period by third and fourth delaying circuitry. As 
a result of delaying system time, the PN sequence utilized to despread the delayed 

15 signals will not repeat on the even second of system time, but will begin repeating 
a time period after every even second of system time. By delaying the signal input 
into a receiver, as well as delaying system time utilized by the PN generator, 
allows base stations to receiving transmissions from remote units outside the 
normal 512 chip window. Additionally, existing base stations can be 

20 inexpensively modified in accordance with the preferred embodiment by the 
addition of delay circuitry as describee! r;bove. 

The present invention encore i .^ses an apparatus for range extension 
within a communication system. apparatus comprises a first receiver 

composing a first input signal dela :mg a received signal as an input and 

25 outputting the received signal de; a first time period. The receiver 



add; orally comprises a first despr rving the received signal delayed the 

firsi / period as an input and outp first despread signal, wherein the first 

des Lr utilizes a spreading cot delayed a second time period with 

rtS; > system time. 

30 e present invention adc encompasses a method icr range 

ex vithin a communication The method comprises the 4eps of 

ret %st signal and delayini ignal a first time period to p; c duce a 

fir i signal The delayed Sj spread utilizing a spreading ,>de that 

he clayed a second time r >rder to receive signals tr: -emitted 
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within a first range. The method additionally comprises the steps of receiving a 
second signal and delaying the second signal a third time period to produce a 
second delayed signal. The second delayed signal is despread utilizing the 
spreading code that has been delayed the second time period in order to receive 
5 signals transmitted within a second range. 

The present invention additionally encompasses a method for range 
extension within a Code Division, Multiple Access (CDMA) communication 
system. The method comprises the steps of receiving a first signal transmitted 
from a remote unit and delaying the first signal a first time period to produce a 
10 first delayed signal, hi this embodiment of the invention the first time period is 
equal to a time period selected from the group consisting of 0, N ? 2N, . . . , (K- 
1)N, where N is a maximum search and demodulation range of the second receiver 
and K is the maximum round-trip delay divided by N, rounded up to a nearest 
integer. The first delayed signal is despread utilizing a Pseudo-Random (PN) code 
15 that has been delayed a second time period in order to receive signals transmitted 
within a first range. The method also comprises the steps of receiving a second 
signal transmitted from the remote unit and delaying the second signal a third time 
period to produce a second delayed signal. In this embodiment of the present 
invention the third time period is equal to a time period selected from the group 
20 consisting of 0, N, 2N, . . . , (K-1)N. Finally, the second delayed signal is 
despread utilizing the PN code that has been delayed the second time period in 
order to receive signals transmitted within a second range. 

Turning now to the drawings, where like numerals designate like 
components, FIG. 1 is a block diagram of communication system 100 in 
2 accordance with the preferred embodiment of the present invention. In the 
referred embodiment of the present invention, communication system 100 
rtlizes a CDMA system protocol as described in Cellular System Remote unit- 
use Station Compatibil iy Standard of the Electronic Industry 
r.sociation/Telecommunicati :;s Industry Association Interim Standard 95-B 
A/EIA/IS-95B), which is jrporated by reference herein. (^lA/TIA can be 
'tacted at 2001 Pennsylvai \ve. NW Washington DC 20G( ). In alternate 
bodiments communicaticr xiem 100 may utilize other ; *alog or digital 
:uiar communication systc , votocols such as, but not limilc :o 5 the Narrow 
id Advanced Mobile Pho> ■ rvice (NAMPS) protocol, the d vanced Mobile 
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Phone Service (AMPS) protocol, the Global System for Mobile Communications 
(GSM) protocol, the Personal Digital Cellular (PDC) protocol, or the United 
States Digital Cellular (USDC) protocol Communication system 100 includes 
sectorized cell 115, and base station 101 which is suitably coupled to antennas 
5 108-1 13. Although not shown, one of ordinary skill in the art will recognize that 
base station 101 is additionally coupled to necessary infrastructure equipment such 
as Centralized Base Station Controllers (CBSCs), Mobile Switching Centers 
(MSCs), and the like. 

In the preferred embodiment of the present invention maximum cell range 

10 is increased by increasing the range for specified sectors 102-107 only. Thus, in 
the preferred embodiment of the present invention each sector 102-107 of cell site 
115 has a maximum and minimum operational range, A first sector (e.g., sector 
104) may receive remote units within a first region (e.g., 0-62 km from base 
station 101), while an adjacent sector (e.g., sector 105) will receive only remote 

15 units within a second region (between 62 km and 124 km from base station 101). 
Additionally, as will be described below, the maximum cell radius of cell 1 15 is 
increased without requiring a redesign of the existing infrastructure equipment's 
receivers. 

FIG. 2 is a block diagram of base station 101 in accordance with the 
20 preferred embodiment of the present invention. As shown base station 101 
comprises first receiver 201 and second receiver 202. Although only two 
receivers are shown, one of ordinary skill in the art will recognize that typical base 
stations comprise many receivers. For example, the Mo o da J-CDMA Base 
Station (SC4840) contains twelve channel cards with 24 recc 
25 card, resulting in a total of 288 receivers. FIG. 2 additional! 
and 202 having a single antenna port with antennas 1 i 
however, one of ordinary skill in the art will recognize that : 
be input into receivers 201 and 202 in order to gain dK 
preferred embodiment of the present invention receiver 20 : 
0 input antennas (111 and 1 12, respectively) originating fro: 
and 105, respectively). 

As shown, base station 101 comprises input signal itry 203-206, 

and each receiver comprises system time delay circuity despreading 
circuitry 207, 208, demodulating circuitry 209, 210, decc :ry 211, 212, 



residing on each 
vs receivers 201 
112 as inputs, 
o antennas may 
nefits. In the 
oiver 202 have 
* •. sectors (104 
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and PN generators 213, 214, Base station 101 additionally comprises clock 217 to 
provide system time, and controller 219. In the preferred embodiment of the 
present invention delay circuitry 203-206 is a standard digital delay line, and delay 
circuitry 215-216 is a counter which produces a delayed version of the original 
system reference pulse. Both of these delay circuits serve to delay signals input 
into the circuitry for a finite period of time. 

Prior to describing operation of base station 101, the following text and 
equations are provided to show derivation of the time delays utilized by delay 
circuitry 203-206 and 215-216. 

Assume that N is the maximum search and demodulation range of a 
receiver, and K is the number of search windows that are necessary for covering 
the desired range. K is equal to the maximum round-trip delay divided by N, 
rounded up to the nearest integer (i.e., K=Roundjup((maxRTD/N)). For example, 
if a maximum search and demodulation range of a receiver is 512 chips (62 km), 
and it is desired that base station 101 be able to receive calls having delays of 826 
chips (100 km), then N=512 and K=2 (Round_up(826/512)). In the preferred 
embodiment of the present invention system time delay circuitry 215 and 216 
delay system reference time by a time period equal to (K-l)N. 

In the preferred embodiment of the present invention signals input into 
receivers 201-202 are delayed for a period of time prior to being despread. The 
period of time that a particular signal is delayed ^ dependent upon a particular 
range that the receiver wishes to cover. In tl 
present invention these delays are integer multip 
2N, . . ., (K-l)N). Using the above example, wit 
distinct input signal delays utilized by base 
Therefore, wher K=2, system time is delayed b 
ansmitted with an 826 chip f 
^ther words, actual PN offi 
the non-delayed baseband 
: ted that receivers having 
. es of (NK-N-jN) to (NI 
(NK-N-jN) and (NK-jN 
I not be received by ret 



perceive a sign? 
326 chip offset 
offset only 0 to 
It shoir 
having PN of 
with a range \ 
delayed by jN 



referred embodiment of the 
fN,upto(K-l)N(i.e., 0, N, 
: 12 and K=2, there exist two 
101 (0 and 512 chips). 
J receivers having no delay 
n being transmitted with a 
; I-1)N to KN appear to be 



f jN receive remote units 
lerefore, any remote unit 
received by the receiver 
dng different input signal 
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delays since the signal will lie outside of the receiver's search window. This is 
illustrated in Table 1 for N=512, K=3, and system time delayed 1024 chips. 



Input signal delay 


Perceived offset for 
remote unit 
transmitting between 
0-62 km (0-511 chip 
offset) 


Perceived offset for 
remote unit 
transmitting between 
63-124 km (512-1023 
chip offset) 


Perceived offset for 
remote unit 
transmitting between 
125-186 km (1024- 
1535 chip offset) 


0 chips 


-1024 to -513 chips 


-512 to -1 chips 


0 to 511 chips 


512 chips 


-512 to -1 chips 


0 to 511 chips 


512 to 1023 chips 


1024 chips 


0 to 511 chips 


5 12 to 1023 chips 


1024 to 1535 chips 



Table 1. 

Illustration of perceived chip offsets at varying distances from a base station. 



As illustrated in Table 1, when system time is delayed 1024 chips, 
receivers having input signal delays of zero chips will perceive remote units 
between 125 and 186 km as having chip offsets of between 0 and 511. Likewise, 

10 receivers having input signal delays of 512 chips, will perceive remote units 
between 63 and 124 km as having chip offsets between 0 and 511. Finally, 
receivers having input signal delays of 1024 chips will perceive remote units 
between 0 and 62 km as having chip offsets between 0 and 511. All receivers will 
be unable to u^cive remote units whose transmissions are perceived to be outside 

15 the 0 to 51 1 <\:ip window. 

The > /e-described base station is capable of receiving transmissions 
from remo -.'ts outside the normal 512 chip window. In fact, the above- 
described I iation can receive transmissions from remote units that are 
delayed up chips. Additionally, existing base stations can be inexpensively 

20 modified i lance with the preferred embodiment by the addition of delay 

circuitry a id above. 

Fi flow chart showing operation of the base station of FIG. 1 in 

accordant r preferred embodiment of the present invention. The topic 

flow beg 300 where receivers 201-202 determine an antenna and delr 

25 window i ses to demodulate (e.g., an'.cnna 1 1 1 with first delay 203, a; 

antenna " md delay 204). In particuhr, in the preferred embodiment 
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the present invention each receiver may choose to demodulate signals from any 
antenna coupled to base station 101. Additionally, each antenna has multiple 
signal delays that may be chosen by receivers 201-202, depending upon an amount 
of range extension desired for base station 101. In the preferred embodiment of 
5 the present invention multiplexers within each receiver 201-202 choose an antenna 
and a particular delay from all possibilities of antenna/delay combinations. For 
purposes of this example it is assumed that receiver 201 chooses antenna 111, 
having delay 203 as an input, and receiver 202 chooses antenna 112, having delay 
204 as an input. 

10 Continuing, at step 301 receivers 201 and 202 receive a transmission from 

remote unit 1 14. At step 303 the received signal is delayed a first amount by 
circuitry 203, and a second amount by circuitry 204. As discussed above, these 
delays are integer multiples of N, up to (K-1)N (i.e., 0, N, 2N, , . . , (K-1)N). 
Additionally, delay circuitry 203 and 204 may exist after demodulating the 

15 received signal into its baseband components, or may simply serve to delay the 
received radio-frequency (RF) signal prior to demodulation. 

At step 305 the delayed signals are output from delay circuitry 203 and 
204, and enter despreaders 207 and 208 respectively. At step 307 despreaders 207 
and 208 utilize standard CDMA despreading techniques to despread the delayed 

20 signals. More particularly, during despreading, the delayed input signal is 
despread with a Pseudo-Random (PN) code. The PN code is a 32,768 bit 
sequence that repeats exactly 75 times every 2 seconds with a chip rate of 1.2288 
MegaChips per second. In standard CDMA systems the PN sequence is 
synchronized to repeat on every even second of system time. Although in the 

25 preferred embodiment of the present invention the spreading code utH : :z^d is a PN 
code, one of ordinary skill in the art will recognize that other spreads redes may 
b- utilized as well. At step 307 the system time utilized by PN gene; 213 and 
2 is delayed a third time period equal to (K-l)N chips by circuitr id 216, 
r< [X ctively. As a result of delaying system time, the PN seque zed to 

30 c , sad the delayed signals will noi repeat on the even second c time, 
t ;] 1 begin repeating (K- 1 )N chipr ^ fter every even second of sy 

Finally, at step 309 the despt- id data is demodulated by 209 
i iccoded by decoder 211. It .he preferred embodiment ^sent 
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invention despreading and demodulation operations are standard CDMA 
demodulating/decoding operations described in detail in IS-95B. 

As described above, receivers having input signal delays of jN receive 
remote units having PN offset ranges of (NK-N-jN) to (NK-jN) when system time 
is delayed by (K-1)N. Therefore, any remote unit with a range between (NK-N- 
jN) and (NK-jN) will be received by the receiver delayed by jN, and will not be 
received by receivers having different input signal delays since the signal will lie 
outside of the receiver's search window. The result is a base station capable of 
receiving transmissions from remote units outside the normal operating window. 
Additionally, the above-described base station can receive transmissions from 
remote units that are delayed up to KN chips with receivers having input signal 
delays of jN. Additionally, existing base stations can be inexpensively modified in 
accordance with the preferred embodiment by the addition of delay circuitry as 
shown. 

Also note that in the preferred embodiment each receiver is a RAKE 
receiver having multiple despreaders. A multiplexer is provided for each 
despreader to select an antenna and delay. The output of the despreaders are 
separately demodulated, combined together, then decoded. Each receiver, 
therefore, has the ability to demodulate received signals spread across multiple 
windows. 

The descriptions of the invention, the specific detail and the drawings 
mentioned above, are not meant to limit the scope of the pr : * invention. For 
example, in alternate embodiments of the present invention 
expanded or contracted by adjusting the delay times for cir< 
and 216 accordingly. It is r \ \4oned in such an embodime 
utilizes clock 217 (system ) and dynamically adjusts 

xample, during a first time 
i time by 1024 chips in o : 
ng a second time period ; 
y 512 chips in order to e 
he inventors that varioi 
out varying from the ; 
such modifications co 
dents. 



utilize an appropriate delay 
hours) controller may dela^ 
station's range to 1 86 km, 
controller may delay syste 
range to 124 km. It is the 
made to the present invc 
invention, and it is intern 
the following claims and 
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1. An apparatus for range extension within a communication system, the 
apparatus comprising: 

5 a first receiver comprising; 

a first input signal delay having a received signal as an input and 
outputting the received signal delayed a first time period; and 
a first despreader having the received signal delayed the first time 
period as an input and outputting a first despread signal, wherein 
10 the first despreader utilizes a spreading code that is delayed a 

second time period with respect to system time. 

f% 

2. The apparatus of claim 1 further comprising: 
a second receiver comprising: 

a second input signal delay having the received signal as an input 
and outputting the received signal delayed a third time period; and 
a second despreader having the received signal delayed the third 
time period as an input and outputting a second despread signal, 
wherein the second despreader utilizes the spreading code that is 
delayed the second time period with respect to system time. 

M" 3. The apparatus 

selected from the 
maximum search 
25 maximum round- 

4. The apparatu. 
to (K-1)N, whe? 
receiver and K : 
30 nearest integer 



m 




15 



20 



laim 2 wherein the third time period is equal to a number 
7 consisting of 0, N, 2N, . . . , (K-l)N, where N is a 
^modulation range of the second receiver and K is the 
;iy divided by N, rounded up to a nearest integer. 

r 2 wherein the second time period is substantially equal 
maximum search and demodulation range of the first 
limum round-trip delay divided by N, rounded up to a 



5. The apparatt 
signal delay orL 



2 wherein the received sij,n »! input into the first input 
ii a first sector of a base st i and the received signal 
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input into the second input signal delay originates from a second sector of the base 
station. 

6. A method for range extension within a communication system, the method 
comprising the steps of: 

receiving a first signal; 

delaying the first signal a first time period to produce a first delayed signal; 
despreading the first delayed signal utilizing a spreading code that has been 
delayed a second time period in order to receive signals transmitted within a first 
range; 

receiving a second signal; 

delaying the second signal a third time period to produce a second delayed 
signal; and 

despreading the second delayed signal utilizing the spreading code that has 
been delayed the second time period in order to receive signals transmitted within 
a second range. 

S 

II! 

* 7, The method of claim 6 wherein the step of delaying the first signal the first 

^ time period comprises the step of delaying the first signal the first time period 
20 wherein the first time period is equal to a time period selected from the group 

|B consisting of 0 ? R 2N, . . . , (K-l)N, where N is a maximum search and 

W demodulation range of the second receiver and K is the maximum round-trip delay 

if s ; 

divided by N, rounded up to a nearest integer. 

25 8. The method of claim 7 wherein the step of delaying the second signal the third 
time period comprises the step of delaying the second signal the third time period 
wherein the third time period is equal to a time period selected from the group 
consisting of 0 5 N, 2N, . . . , (K-1)N. 

30 9. The method of claim 6 wherein the step of desp - ■ ling the first delayed signal 
utilizing the spreading code that has been dele ^ the second time period 
comprises the step of despreading the first delayed * nal utilizing the spreading 
code that has beei c: clayed a time period substantia; , i;ual to (K-l )N ? where N k 
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a maximum search and demodulation range of the first receiver and K is the 
maximum round-trip delay divided by N, rounded up to a nearest integer. 

10. The method of claim 6 wherein the step of despreading the second delayed 
5 signal utilizing the spreading code that has been delayed the second time period 
comprises the step of despreading the second delayed signal utilizing the 
spreading code that has been delayed a time period substantially equal to (K-1)N, 
where N is a maximum search and demodulation range of the first receiver and K 
is the maximum round-trip delay divided by N, rounded up to a nearest integer. 



10 



WO 00/52850 



PCT/USOO/02701 



112 

100 

w 




FIG. 1 



I RECEIVERS DETERMINE ANTE NNA AND DELAY WINDOW ^ 
Jj 301 

I RECEIVERS RECEIVE A f " iSSION FROM REMOTE UNIT 114 | J 

■},__ JO. 

THE TRANSMISSION IS DE I ft FIRST AND A SECOND AMOUNT ^ 



J0J 

P 

305 



W 5 SIGNALS ARE OUTPUT : LAY CIRCUITRY AND ENTER DESPREADERS |J 



: RS DESPREAD THE Sit IZING A PN CODE WITH SYSTEM TIME 

•'ED 



307 

u 



WO 00/52850 



PCT/US00/O2701_ 




MRR-e?-2002 15:44 



LEYD IGjUUIT & rlHYbK 




PATENT 
Attorney Docket No. 440490 



<JRAgS 

COMBINED DECLARATION FOR UTILITY OR DESIGN PATENT APPLICATION 

AND POWER OF ATTORNEY 



Q Declaration Submitted with Initial Filing OR 

13 Declaration Submitted after Initial Filing (surcharge (37 CFR 1.16(e)) required) 

As a below named inventor, I hereby declare that; 

My residence, post office address, and citizenship are as stated below next to my name. I believe I am the original, 
first, and sole inventor (if only one name is listed below) or an original, first, and joint inventor (if plural names are 
listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: 



SEPARATION DEVICES AND PROCESSES 



C3 the specification of which: 

is attached hereto. 

was filed on as Application No. and was amended on ( if applicable). 
was filed by Express Mail No. as Application No. nor known yet, and was amended on 
(if applicable). 

was filed on January 31, 2000 as PCT International Application No. PCT/US00/O2O7L 



r ^ I state that I have reviewed and understand the contents of the specification identified above, including the claim(s), 

Q as amended by any amendment referred to above. 

w 

jfy I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56. 

g] including for contiiwation-in-part applications, material information which became available between the filing date 

g of the prior application and the national or PCT international filing date of the continuation-in-part application. 

I claim foreign priority benefits under 35 USC 119(a)-(d) or (f), or 365(b) of any foreign application(s) for patent, 
inventor's or plant breeder's rights certificate®, or 365(a) of any PCT international applications) designating at 
least one country other than the United States of America, listed below and have also identified below, by checking 
the box T any foreign application(s) tor patent, utility model, design registration, inventor's or plant breeder's rights 
certificate(s), or any PCT international application(s) designating at least one country other than the United States of 
America filed by me on the same subject matter and having a filing date before that of the applications) from which 
the benefit of priority is claimed. 

4 



PriprJF^Eeiga 
AppHcadon'Nuiiaberfc) 


Country . 


- Foreign FiJing Date 
(MWDD/YYYY) 


Priority Claimed 
YES NO 


Certified Copy Attached? 
YES NO 








□ 


□ 


□ □ 








□ 


□ 


□ □ 








n 


□ 


□ □ 








□ 


n 


□ □ 



□ 
□ 
□ 



MPR-07-2002 15 Ml 




IG.UOIT Z. MAYER 



202 737 £776 P. 03 



PATENT 
Attorney Docket No. 440490 



COMBINED DECLARATION FOR UTILITY OR DESIGN PATENT APPLICATION 
AND POWER OF ATTORNEY 



Q Declaration Submitted with Initial Filing OR 

ESI Declaration Submitted after Initial Hlin£ (surcharge (37 CFR 1.16(e)) required) 

As a below named inventor. I hereby declare ihar: 

My residence, post office AfMrnn, and ririwmship are as stated below next to my name. I believe I am the original, 
first, and sole inventor (Ifufdy we name 6 limed below) or an original, first, and joint inventor (if plural names are 
tinted htfow) of the subject matter which is claimed and for which a patent is sought on the invention entitled: 



SEPARATION DfcViCbS AND PROCESSES 



the specification of which: 



3 is attached hereto. 

_J was filed on as Application No. and was amended on (if applicable). 
3 was filed by Express Mail No, as Application No- nox known yet> and was amended on 
(if applicable). 

Ex3 was filed on January 3L 2000 as PCT International Application No. PTT/ITSOO/OT071 



I state mat I have icvicwcd and uixkrsuuKl the contents of the specification identified above, including the claimis), 
as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56, 
including for condnuation-m-part applications, material information which became available between the filing dare 
of the prior application and the national or PCT international filing date of the continuation-in-patt applicatioxi. 

I claim foreign priority benefits under 35 USC 1 I9(a)-(d) or (0, or 365(b) of any foreign application® tor patent, 
inventor's or plant breeder's rights certificate^), or 365(a) of any PCT international applications) designating at 
least one country oihca than the United States of America* listed below and have also identified below, by checking 
The. hctx, any foreign application^) for patent utility model, design registration, inventor's or plant breeder's rights 
cciiifiuae(s), ui any PCT international applications) designating at least one country other than the United States of 
America filed by me. on the same subject matter and having a filing date before that of the application^) from which 
the bencfa of priority is claimed. 



' •Appiicadon' 1 KMtfer(s) : 




" Foreign Filing Date [ 
fMM/I)L>/YYYY) 


PrioiicyClaiiiLied''- 
YES ' :% NO ' 


. Cwiificd Copy Aitaelied? 
YES NO 








n □ 


n o_ 








□ □ 


□ □ 








n n 


□ u 








□ □ 


u □ 



MPR-07-2002 IS Ml 



LEYDIGJJOIT a MAYER 



202 737 6776 P. 01 



In re Appln. of HiNDYA. hT AL 
Attorney Docket No. 440490 



A3 a named inventor, I hereby appoint Leydig, Voit & Mayer, Ltd, to prosecute this application and transact all 
business in the Patent and Trademark Ottice connected therewith: Customer dumber 23548. 




I further direct that correspondence concerning ihis application be diiectcd to Leydig, Voit & Mayci, Ltd.: 
Customer Number 23543. 




I declare that all statements made herein of my own knowledge are true, mat all statements made on information and 
belief are believed to oe true, that these statements were made with the knowledge that willftil false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Tide 18 of the United 
States Code, and that such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 



Full name of sole or first inventor: Thomas L Fcndya 
Inventor's signature 



Date Couutt y of CiUwnslup: USA 

Residence; Homer, New Yotk 

Post Office Address: 137 North Main Street, Homer, NY 13077 



Full name of second joint inventor: Mark F- Hurwitz 
Inventor's signature 

Date Country of Citizenship. USA 

Residence: Ithaca* New York 

Post Office Address: 345 Snyderhil] Road, Ithaca, NY URSO 



2 



riRR-07-2002 15:44 



LEYD I G j UO I T & NRYhR 



In re Appln. of FENDYA, ET AL. 



Attorney Docket No. 440490 



A3 a named inventor, I hereby appoint Leydig, Voit & Mayer, Ltd. to prosecute this application and transact all 
business in the Patent and Trademark Office connected therewith: Customer Number 23548. 



I further direct that correspondence concerning this application be directed to Leydig, Voit & Mayer, Ltd.: 
Customer Number 23548. 



I declare that all statements made herein of my own knowledge are true, that all statements made on information and 
belief are believed to be true* that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code, and that such willful false statements may jeopardize the validity of the application or any patent issued 
thereon 






Full name of sole or first inventor: Thomas I Fendy; 




Inventor's signature fe^^^Z^ 



Country of Qtizenship: USA 



Residence: Horner, New York 



Post Office Address: 



137 North Main Street, Homer, NY 13077 



Residence: Ithaca, New York 



Date hXizrcX^ \\ f ZxQO 



Full name of second joint inventor: MarkFJHta^wuz t 
Inventor^ signature J^L^JI^ & *rfZ<f%^l 




Country of Citizenship: USA 



Post Office Address: 



345 Snyderhill Road, Ithaca, NY 14850 



2 



APPLICATION INFORMATION 



Application Type: : Regular 
Subject Matter:: Utility 
Suggested classification:: 
Suggested Group Art Unit- 
CD-ROM or CD-R?: : None 
Number of CD Disks: 
Number of Copies of CDs:: 
Sequence Submission?:: 
Computer Readable From (CRF)?:: No 
Number of Copies of CRF:: 
Title- 
Attorney Docket Number- 
Request for Early Publication? 
Request for Non-Publication?: 
Suggested Drawing Figure:: 
Total Drawing Sheets- 
Small Entity- 
Licensed US Govt. Agency- 
Contract or Grant Numbers- 
Secrecy Order in Parent Appl.?:: No 



SEPARATION DEVICES AND PROCESSES 
440490 
No 
No 



11 
No 



INVENTOR INFORMATION 



Inventor Authority Type: : Inventor 
Primary Citizenship Country:: US 



Status- 
Given Name:: 
Middle Name:: 
Family Name:: 
Name Suffix:: 
City of Residence:: 



Full Capacity 

Thomas 

J. 

FENDYA 
Homer 



Page 1 



Initial 07/30/01 



Nil 1 'I' 



(39/890355 

JC17 Rec'd PCT/PTO 3 0 JUL 2001 



State or Prov. of Residence:: New York 
Country of Residence: : USA 
Street:: 



137 North Main Street 



City:: 

State or Province:: 
Country:: 

Postal or Zip Code:: 



Homer 
New York 
US 

13077 



Inventor Authority Type:: Inventor 
Primary Citizenship Country:: US 



Status- 
Given Name:: 
Middle Name:: 
Family Name- 
Name Suffix:: 
City of Residence- 
State or Prov. of Residence:: New York 
Country of Residence:: USA 
Street:: 



Full Capacity 

Mark 

F. 

HURWITZ 
Ithaca 



345 Snyderhill Road 



City- 
State or Province:: 
Country:: 

Postal or Zip Code- 



Ithaca 
New York 
US 

14850 



Inventor Authority Type:: Inventor 
Primary Citizenship Country:: US 

Status:: Full Capacity 

Given Name:: John 

Middle Name:: D. 

Family Name:: MILLER 
Name Suffix:: 



Page 2 



Initial 07/30/01 



City of Residence:: Ithaca 
State or Prov. of Residence:: New York 
Country of Residence:: USA 
Street:: 511 Kline Road 



09/890355 

JfflBscmWTQ 3 o JUL 2001 



City- 
State or Province:: 
Country:: 

Postal or Zip Code: 



Ithaca 
New York 
US 

114850 



Inventor Authority Type:: Inventor 
Primary Citizenship Country:: US 



Status:: 
Given Name- 
Middle Name- 
Family Name- 
Name Suffix- 
City of Residence- 
State or Prov. of Residence:: New York 
Country of Residence:: USA 
Street:: 31 Prospect Terrace 



Full Capacity 

Stephen 

A. 

GEIBEL 
Cortland 



City:: 

State or Province:: 
Country- 
Postal or Zip Code: 



Cortland 
New York 
US 

13045 



CORRESPONDENCE INFORMATION 



Correspondence Customer Number:: 
Phone- 
Fax:: 

Electronic Mail:: 



23548 

(202) 737-6770 
(202) 737-6776 
dcmail@leydig.com 



Page 3 



Initial 07/30/01 



09/890355 
JG17Rec'dlOTrO 3 0 JUL S 



REPRESENTATIVE INFORMATION 



Representative Customer 
Number:: 


23548 










Representative Designation:: 


Registration Number- 


Representative Name:: 















DOMESTIC PRIORITY INFORMATION 



Application:: 


Continuity Type:: 


Parent Application:: 


Parent Filing Date:: 



























FOREIGN APPLICATION INFORMATION 



Country:: 


Application Number:: 


Filing Date:: 


US 


60/114,972 


01/29/99 


WO 


PCT/US00/02071 


01/31/00 









ASSIGNEE INFORMATION 



Assignee name- 
Street:: 



Pall Corporation 

2200 Northern Boulevard 



Page 4 



Initial 07/30/01 



09/890355 

JC17Hec'd PCTyPTO 3 o JUL 2001 

City:: East Hills 

State or Province: : New York 
Country:: USA 
Postal or Zip Code:: 1 1548-1209 



gy 

® 

Q 

w 
in 
in 

O 

w 

fU 

IS 

o 
ru 



Page 5 



Initial 07/30/01 



